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Formal Methods are useful to detect failures in system specification. Event-B is one of formal methods, which is
based on Set Theory and First Order Logic. Unfortunately, Event-B is not used commonly because Event-B often
creates more costs than it solves. Especially proof is one of the most dicult aspects of Event-B.
In Event-B, system specification is described as a model according to a framework called refinement. Refinement
allows us to gradually introduce the system specification into the model. Consistency of the model is defined based
on proof obligations in each refinement step. When all the proof obligations are discharged, the consistency of
the specification described as the model is considered proved. Actually there are often missing or inconsistent
descriptions in the model, then some of the proof obligations remain undischarged. Because the proof obligations
depend on the model, the undischarged proof obligations will be updated by changing the model. Therefore we
will try to change the model so as to discharge the undischarged proof obligations.
However, since the change results in updates of the discharged proof obligations, we need to re-prove the up-
dated proof obligations. To resolve this problem, we propose a model changing method. Our method consists of
restrictions to keep the discharged proof obligations discharged. To prove a proof obligation, our method also sug-
gests adding a guard condition derived from the proof obligation. To show the feasibility of the proposed method,
we give a case study of a file transfer protocol. Through the case study, it is confirmed that our method enables us
to change the model without re-proof.
Moreover we introduce a method based on Dividing Strategy Tree (DST), which represents an overview of
refinement. Because DST is described in natural language, it’s useful to design refinement completely separately
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inv1 : 0  x







inc =ˆ where grd1 : x < n then act1 : x := x + 1 end
???? where?????????? then????????????????????????????
???? grd? act?????????????? grd1??? x??? n???????????????
???????????????? inc???????????? Event-B??????????????
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incthm =ˆ where grd1 : x < n; thm2 : x + 1 < n + 2 then act1 : x := x + 1 end












????????????? [12]??????????? inc???????x0 = x + 1????????
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incr =ˆ where grd1 : a + b < n then act1 : a := a + 1 end
????????? grd1? x < n?? a+ b < n????????????????? act1??x := x+ 1
?? a := a + 1?????????a??? b???????????????????????????
????????? incr ???a+ b?? x???????????x? a+ b??????????? x?
??? inv1??? inv2??????? a??? b?????????????? inv3??? inv4???
???
inv3 : 0  a + b




evtr =ˆ any q where H(s; c;w; q); Ht(s; c;w; q) with W1(s; c;w; p; q;w0); W2(s; c;w; q; v0;w0)
























[S IM] A; I; J; H; Ht;W1;W2; BA2 ` BA1
 [EQL]?????????????? x????????????????????? x????
?????????????????? x0 ????????????
[EQL] A; I; J; H; Ht; BA2 ` x0 = x
 [GRD] ??????????? H ???????? Ht ????????????? G ????
???
[GRD] A; I; J; H; Ht;W1 ` G
 [INV]??????? J ?????????????????????????????????
??????????J0 ??J(s; c; v;w0)??????
[INV] A; I; J; H; Ht;W2; BA2 ` J0
 [T HM]??????????? Ht???? A???????? I?J????????? H???
???????
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?????? m?????????m=evt=grd ???????????? grd ???????? GRD?
evt=grd=GRD??????????????????????
????????2.1.2????????? inc?????????????? 2.1.3?? incr??????
?????????? inv3??? inv4???????????????????????????????
[inc=act1=S IM] n 2 N; 0  x; x  n; 0  a + b; a + b  n; a + b < n; a0 = a + 1 ` x0 = x + 1
[inc=grd1=GRD] n 2 N; 0  x; x  n; 0  a + b; a + b  n; a + b < n ` x < n
[inc=inv3=INV] n 2 N; 0  x; x  n; 0  a + b; a + b  n; a + b < n; a0 = a + 1 ` 0  a0 + b0
[inc=inv4=INV] n 2 N; 0  x; x  n; 0  a + b; a + b  n; a + b < n; a0 = a + 1 ` a0 + b0  n
??????? T HM??????????? inc? 2.1.3?? incthm ???????????????
?????????????????
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inv1 : 0  x
inv2 : x  n
inc =ˆ where grd1 : x < n then act1 : x := x + 1 end
dec =ˆ wheregrd1 : 0 < x then act1 : x := x   1 end
x? 0?? n????????????????? inc??? dec?????????????????
?? M0 ????????????????????? M1 ??????
?????? M1?
inv3 : 0  a + b
inv4 : a + b  n
inv5 : 0  a
inv6 : 0  b
inc =ˆ where grd1 : a + b < n then act1 : a := a + 1 end
dec =ˆ where grd1 : 0 < a + b then act1 : b := b   1 end
mov =ˆ where grd1 : 0 < a then act1 : a := a   1; act2 : b := b + 1 end
M1 ???? a??? b????? x??????????? a?????????? b???????






??? dec=grd1=GRD??????????0 < a + b???????? 0 < x???????????
????????a? b????? x????????0 < a + b?????? 0 < x??????????
?????????????????????dec=grd1=GRD????????????????????
x? a??? b?????? x = a + b??????????????????????????????
??????????????? inv7?????????
inv7 : 0 < a + b ) 0 < x
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????4.3.1??????? dec=grd1=GRD??????? inv7???????? dec=inv6=INV ??
?????????????????????dec=inv6=INV ?????????dec????? 0  b??
????????????????dec? b? 0??????????????????? 0  b????
??????????? dec? inv6???????????????? dec=inv6=INV ?????????
???dec=grd1????????????
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??????????????S IM??????????? Mrb?????? H?????? Hupdate??
????????????????????????????????GRD????GRDupdate ????
???
[GRDupdate] A; I; J; Hupdate; Ht;W1 ` G
??GRDupdate??????GRD?????????? H??????????????GRD?????
??????????? H?????GRDupdate ??????????????????????S IM?




[GRDupdate] A; I; J; Hupdate; Ht; Htadd;W1 ` G
Htadd ? H ????????????GRD???????????????? GRDupdate ???????
????GRDupdate ? GRD???????????????????????????????????
?GRD?????????????????????? Htadd ??????????????? T HM?
????????????T HM????????????????????GRD??? S IM?????
?????????
???????GRD?S IM??? T HM??????????????????? INV ???????
??????????????? GRD?S IM??? T HM?????? INV ????????INV ??
????????????? INV ????????????????????????????????
???????????????????????????????????? Hch ?????????
?????????? J?????????????? [4] [67]???????????????? Hch?
????????? BA2?????????????????? J0 ????????? Hch ??????
????????????????? Hch ???????????????? INV ???? INVupdate ?
??????
[INVupdate] A; I; J; H; Ht; Hch;W2; BA2 ` J0
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? 5.1: ????????
??? GRD S IM T HM INV
Mra Charged Charged Charged Charged
Mrb Discharged Charged Charged Charged
Mrc Kept Discharged Charged Charged
Mrd Kept Kept Discharged Charged
Mre Kept Kept Kept Discharged
Mra?? Mrb?????????GRD????????? Mrb? Mrc ?????????GRD??????
????S IM?????????????????????????????????????????
???????????????????????????????????????








Mra ? Mrb ???????????????????????????????????????????





???????????????????INV ??????????????GRD??? S IM????
??????????????????????T HM?????????? T HM??S IM??????
????????? GRD? S IM ?????????????????S IM?GRD??????????
5.3.3???????????????????S IM ??????GRD???????????????
????????? GRD??????????? S IM??????????????????????
S IM?GRD?????????GRD??????? T HM?????????T HM? GRD?????
??????????????????????????????????GRD?S IM?T HM?INV??






??????? Mr(r 2 [1 :: k])????????? Mr ??????????? Mr 1 ?????????
Mr 1 ????????????? evtr 1 ???2.1.2????? evt?????????????????
?????? (i) (i 2 [1 :: 5])???????? Mri 1 ????????????? Mri ??????Mr0 ??
?? (1)?????????????????????????? Mri ????????????? evtri ?
??2.1.3????? evtr ?????????????? evtr ????????????????????
??????????? i?????????? Mri ?????????????????Ji(s; c; v;w)??
?????????????????? J ????????????? J1;?; Jn ???????????
??????J=ˆJ1; :::; Jn?????????????????????????????????????
??????????????? (i)???? Mri ??????????????? i?????????
???? (i)????????GRD?GRDi????????????? 2????????""????
????????
?? 1 ??? n;m(n  m)???? Px1; :::; Pxn ` Cx???????????? X??Py1; :::; Pym ` Cy
???????????? Y ???????????????????? X  Y ??????
8i;9 ji 2 [1 :: n] ^ j 2 [1 :: m] ^ Pxi = Py j?????? Cx = Cy
"X  Y"??X????????????????Y ????????????????????? X?
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5.3.3 ??
??????????????????????? GRD?S IM?T HM?INV ???????????
??GRD?S IM??? T HM??????????????????????????????????
????????????????????????????????????????? INV ????
????????????????????? INV ?????????T HM? INV ?????????
??????? EQL????????????????????????????????? EQL??
?????????????? EQL??????????????????? (1)????????? Mr0
????? evtr0 ????????????
 evtr0 =ˆ any q where H0(s; c;w; q); Ht0(s; c;w; q) with W1(s; c;w; p; q;w0); W2(s; c;w; q; v0;w0)
then w :j BA20(s; c;w; q;w0) end
??????????????????????? J0 ????Mr0 ????????????? GRD0?
S IM0?T HM10 ??? INV0 ??????????? (2)?????? T HM ????????Mr0 ???
????? T HM? T HM1????? (2)?????? T HM? T HM2????
??? (1)?GRD???
????
???????? H1(s; c;w; q)?????????? Jadd1 (s; c; v;w)????????????????
??????? 1??????
?? 1 ??????????????
A; I; J0; Jadd1 ; H1; Ht0;W1 ` G
?????????
??????? 1??????? H1 ??? Jadd1 ????????????????????????
?? evtr1 ???????? J1 ??????
 evtr1 =ˆ any q where H1; Ht0 with W1; W2 then w :j BA20 end
 J1 =ˆ fJ0; Jadd1 g
??????????
???????????GRD0 ????GRD1 ???????
[GRD1] A; I; J1; H1; Ht0;W1 ` G
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????J1=ˆfJ0; Jadd1 g????????GRD1 ???????????????
[GRD1] A; I; J0; Jadd1 ; H1; Ht0;W1 ` G
????? 1????????????????????? 1???????? H1??? Jadd1 ?????
????GRD1 ??????????????? S IM0?T HM10 ??? INV0 ????? S IM1?T HM11
??? INV1 ????????????????????????????????
[S IM1] A; I; J1; H1; Ht0;W1;W2; BA20 ` BA1
[T HM11] A; I; J1; H1 ` Ht0
[INV1] A; I; J1; H1; Ht0;W2; BA20 ` J01
??? (2)?S IM???
????
???????? H2(s; c;w; q)?????????? Jadd2 (s; c; v;w)???????? BA22(s; c;w; q;w0)?
?????????????????????? 2??????
?? 2 ??????????????
A; I; J1; Jadd2 ; H2; Ht0; H1;W1;W2; BA22 ` BA1
?????????
??????? 2??????? H2?BA22??? Jadd2 ??????????H1(s; c;w; q)??????
?????????? Htadd2 (s; c;w; q)???????? Htadd2 = H1??????????????????
????????? evtr2 ???????? J2 ??????
 evtr2 =ˆ any q where H2; Ht0; Ht
add
2 with W1; W2 then w :j BA22 end
 J2 =ˆ fJ1; Jadd2 g
??????????
??????????????? S IM1 ???? S IM2 ???????
[S IM2] A; I; J2; H2; Ht0; Htadd2 ;W1;W2; BA22 ` BA1
J2 =ˆfJ1; Jadd2 g????????S IM2 ???? J2 ??J1 ? Jadd2 ??????????? Htadd2 ? H1 ??
?????????????S IM2???? Htadd2 ? H1??????????????S IM2??? 2??
??????????????? 2???????? H2?BA22??? Jadd2 ?????????S IM2??
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????????????????GRD1 ????GRD2 ???????
[GRD2] A; I; J2; H2; Ht0; Htadd2 ;W1 ` G
S IM2 ?????????GRD2 ???????????????
[GRD2] A; I; J1; Jadd2 ; H2; Ht0; H1;W1 ` G
??? GRD1 ? GRD2 ???????GRD1 ???????????? GRD2 ????????????
????????????? G?????????? 1???GRD1  GRD2 ??????????GRD1
??????????GRD2 ????????????????????
???????? Htadd2 ???????????????? T HM22 ???????????T HM11 ?
INV1 ?????????????
[T HM22] A; I; J2; H2; Ht0 ` Htadd2
[T HM12] A; I; J2; H2 ` Ht0
[INV2] A; I; J2; H2; Ht0; Htadd2 ;W2; BA22 ` J02
??? (3)?T HM???
????
???????? Hadd3 (s; c;w; q)?????????? Jadd3 (s; c; v;w)???????????????
???????? 3??????
?? 3 ?? 2?????????????
A; I; J2; Jadd3 ; H2; H
add
3 ; Ht0 ` Htadd2




??????? 3??????? Hadd3 ??? Jadd3 ????????????????????????
??? evtr3 ???????? J3 ??????
 evtr3 =ˆ any q where H2; H
add
3 ; Ht0; Ht
add
2 with W1; W2 then w :j BA22 end
 J3 =ˆ fJ2; Jadd3 g
??????????
5.3. ?????????? 39
?????????????? T HM22 ??? T HM12 ??????????????
[T HM23] A; I; J3; H2; Hadd3 ; Ht0 ` Htadd2
[T HM13] A; I; J3; H2; Hadd3 ` Ht0
J3=ˆfJ2; Jadd3 g????????T HM23 ???? J3 ??J2 ??? Jadd3 ?????????????? 3
?????????????T HM23 ???????T HM13 ????????????????????
??GRD2 ??? S IM2 ?????????????
[GRD3] A; I; J3; H2; Hadd3 ; Ht0; Htadd2 ;W1 ` G
[S IM3] A; I; J3; H2; Hadd3 ; Ht0; Htadd2 ;W1;W2; BA22 ` BA1
??? J3=ˆfJ2; Jadd3 g????????GRD2????????????GRD3?????????????
?? 1??GRD2  GRD3????????GRD??????????????S IM2  S IM3?????
???S IM???????????? INV2 ????? INV3 ???????
[INV3] A; I; J3; H2; Hadd3 ; Ht0; Htadd2 ;W2; BA22 ` J03
??? (4)?EQL???
????
???? w????????????????? r?????????????? wnew ???????
wnew = w n v????????? wnew???????? BA23?????????????????? whold
?????????whold ???? whold  wnew??? whold = whold0 ??????whold0 ?????????
whold ?????????????? x??????? X ???? Type = fx 7! X j x 2 Xg???????
??????
?????????
whold , ??????? r + 1?????????????????? rˆ(rˆ 2 [r + 1 :: k])????????
evtrˆ ??whold ???????????? evtrˆ ???? whold , whold0 ?????????????????






????whold ???? qadd4 ????????? BA2add4 ????????????





?? qadd4 ???q4 = q [ qadd4 ???????? BA2add4 ?? BA23 ^ BA2add4 ??????????????
40 ? 5? ??????????????????
???? BA24(s; c;w; q4;w0)???????????????????????? evtr4??????q  q4
???????????????Witness??W1????????????????????????J3
???????




4 ; Ht0; Ht
add











???????????????GRD3?T HM23 ??? T HM13 ?????????????
[GRD4] A; I; J3; H2; Hadd3 ; Hadd4 ; Ht0; Htadd2 ;W1 ` G
[T HM24] A; I; J3; H2; Hadd3 ; Hadd4 ; Ht0 ` Htadd2
[T HM14] A; I; J3; H2; Hadd3 ; Hadd4 ` Ht0
??????????????? 1???GRD3  GRD4?T HM23  T HM24???? T HM13  T HM14
????????? S IM3 ?????????????
[S IM4] A; I; J3; H2; Hadd3 ; Hadd4 ; Ht0; Htadd2 ;W1;W2; BA24 ` BA1
BA24? BA23 ^ BA2add4 ????????BA24?? BA23??? BA2add4 ???????????? 1???
S IM3  S IM4???????????GRD?T HM??? S IM???????????? INV3????
INV4 ???????





???? evtr4???w????????s; c;w; q4??????????????????? Val(s; c;w; q4)
5.3. ?????????? 41
??????????????BA24(s; c;w; q4;Val(s; c;w; q4))?????????????? Exp????
w0 ? Val(s; c;w; q4)????????Exp[w0=Val]??????
?????????
??????? J3 ??????????????? Hch5 ?????
Hch5 (s; c;w; q4) = J3(s; c; v;w0)[w0=Val]
???? Hch5 ?????????? evtr5 ???????????????????J3 ???????






5 ; Ht0; Ht
add
2 with W1; W2 then w :j BA24 end
??????????? INV ?????????????? Hch5 ????????????evtr5?? Hch5
????????? ˆevtr5???????????Hch?? ˆevtr5???????????? J3(s; c; v;w)???
??????????? wp( ˆevtr5; J3(s; c; v;w))????????wp( ˆevtr5; J3(s; c; v;w))? (H2 ^Hadd3 ^Hadd4 ^
Ht0 ^ Htadd2 ) ) (BA24(s; c;w; q4;w0) ) J3(s; c; v;w0))?????wp( ˆevtr5; J3(s; c; v;w))? ˆevtr5 ???????
?????????????? H2?Hadd3 ?Hadd4 ?Ht0??? Htadd2 ???BA24(s; c;w; q4;w0)) J3(s; c; v;w0)
?????????? BA24 ??????? w0??? Val??????BA24(s; c;w; q4;w0)[w0=Val]???
??????????? J3(s; c; v;w0)[w0=Val]??? Hch5 ???????????J3 ??????????




[INV5] A; I; J3; H2; Hadd3 ; Hadd4 ; Hch5 ; Ht0; Htadd2 ;W2; BA24 ` J03
??????????? BA24 ? Hch5 ??????BA24 ????????w0 = Val??????Hch5 ??
?? Val? w0??????????????????????BA24? Hch5 ???J3(s; c; v;w0)?????
????INV5 ???????????????
[INV5] A; I; J3; H2; Hadd3 ; Hadd4 ; Hch5 ; Ht0; Htadd2 ;W2; BA24; J3(s; c; v;w0) ` J03
2.1.4????? INV ????????? J03? J3(s; c; v;w0)?????????????????????
????????????????????????????? INV5 ??????????S IM4 ???
? S IM5 ???????
[S IM5] A; I; J3; H2; Hadd3 ; Hadd4 ; Hch5 ; Ht0; Htadd2 ;W1;W2; BA24 ` BA1
?? 1?? S IM4  S IM5 ????????S IM ?????????????????????????
GRD4  GRD5?T HM24  T HM25 ??? T HM14  T HM15 ????????????????????
???
42 ? 5? ??????????????????
??????????????????? INV4?????????????????????????
????????????????????? INV ???????????? Jpart3  J3 ???????
???? Jpart3 ???????? Hch5 ????????????







?????? f ? n???????????n?????????????????????????? g
????????????????????????? s(s 2 [1 :: n + 1])???????????????
???????? r(r 2 [1 :: n+ 1])?????s??? r???????????????????????
????????? s?r????1?? n + 1?????????? s???????????? f (s)??
??? r???????????? g(r)????????????? d???????????????
?????????????????????s??? r??????????????s???????
?? p?r????????? q????p??? q????????????????????????
???????????? d?????????s = r????????????p = q????????
???????????????????p , q????
????? [12]????????????????????????????????????????







inv0 : r = n + 1 ) g = f
????????? send????????? receive????????????
44 ? 6? ????
receive =ˆ where grd1 : r  n then act1 : g := 1 :: r C f ; act2 : r := r + 1 end
send =ˆ where grd1 : s  n then act1 : s := s + 1 end
???? C?????????????????????????????????????????




receive =ˆ where grd1 : s , r then act1 : g(r) := f (s   1); act2 : r := r + 1 end
send =ˆ where grd1 : s  n; grd2 : s = r then act1 : s := s + 1 end
?????? receive=grd1 ???? s? r ??????????????????? receive=act1 ? s
?????????????send ?????????s? r??????? send=grd2????????
?????M1 ????????????????????????????? receive=act1=S IM ???
receive=grd1=GRD???????????????????
?????? 1???
receive=grd1=GRD????????? s , r??????? r  n??????????????s? r
?????? send? receive???????????????s , r???????? r  s???????
???s???? 1 :: n + 1????????r < s???????? r  n??????????????
????????? receive=grd1=GRD????????????????????????? inv1??
? inv2??????
inv1 : s , r ) r < s
inv2 : r < s ) r  n




?? receive=act1=S IM??????receive=act1=S IM?????????g(r) := f (s   1)??????
??g = 1 :: r C f ?????????????????????receive????? f ? 1?? r   1??
?????? g???????receive?????? g(r)? f (r)???????????????????
?? f (s   1)? f (r)???????????receive=grd1????????????
6.3. ?????????????? 45
receive =ˆ where grd1 : s = r + 1 then act1 : g(r) := f (s   1); act2 : r := r + 1 end
????????????? inv3??????
inv3 : s = r + 1 ) g = 1 :: r   1C f








6.2?? M0 ???????? M0 ????
? M1????????






?????????? q = ???? w = fg; r; sg????H1? s , r???????? receive??????
??? act1 : g(r) := f (s  1)??? act2 : r := r+ 1????????? BA21??g0(r) = f (s 1)^ r0 = r+1
?????Jadd1 ??inv1? inv2???????????????????
???????????receive=grd1=GRD???????????????? inv1??? inv2????
?????receive=inv1=INV?receive=inv2=INV?send=inv1=INV ??? send=inv2=INV ???????
???????? (2)?
???????? 2?????????? receive=act1=S IM???????????????????
?????????????????????????????????????????????6.2?
???????????receive=grd1?????inv3??????????? 6.2???????????
?????????????? s , r?????? thm2 : s , r???????????????????
46 ? 6? ????
? receive???????
receive =ˆ where grd1 : s = r + 1; thm2 : s , r then act1 : g(r) := f (s   1); act2 : r := r + 1 end
5.3.3???????????????????????H2? s = r + 1??????????? H1??
????????? Htadd2 ? thm2 : s , r??????????????????????BA22? BA21?
??????? Jadd2 ? inv3??????
????????? receive=act1=S IM???????????????? receive=grd1=GRD1 ?
receive=grd1=GRD2 ????????receive=grd1=GRD1  receive=grd1=GRD2 ????????
receive=grd1=GRD2 ? receive=grd1=GRD1 ????????????????????receive=grd1=GRD
?????????????inv3?????? receive=inv3=INV???? send=inv3=INV ????????
?? 6.2??????????? Htadd2 ????????receive=thm2=T HM???????
??????????????? s , r ? s = r + 1 ???????????????? s , r ?
Htadd2 ???????????????????????s , r ?? r  n ????????????
receive=grd1=GRD1 ??s = r + 1? s , r?? r  n???????????? receive=grd1=GRD2 ???
??????receive=grd1=GRD1  receive=grd1=GRD2 ??????
????6.2??????? 2???? Htadd2 ?????????s , r?? r  n??????????
?? receive=grd1=GRD1 ??s = r + 1?? r  n??????????????????????????
receive=grd1=GRD2 ??????????????????????
???????? (3)??? (4)?
?? (2)?????? receive=thm2=T HM?????????s = r + 1?? s , r???????????
????????????????????????????????????? (3)??????????
???M1 ?????????? M0 ????????????? (4)??????????
???????? (5)?
?? (1)??? (2)?????? INV??????????????send=inv3=INV??????????
??????? send=inv3=INV????????inv3???????? grd3 : s+1 = r+1)g = 1 :: r 1C f
?????send?????????? send???????
send =ˆ where grd1 : s  n; grd2 : s = r; grd3 : s + 1 = r + 1 ) g = 1 :: r   1C f then act1 : s := s + 1 end
5.3.3???????????????????????send????? BA24 ??s0 = s + 1?????
????s?????????? Val??s + 1???????????inv3???? s? s + 1?????
???????????? Hch5 ??? s + 1 = r + 1 ) g = 1 :: r   1C f ???????
send=inv3=INV ?????????send?????? inv3?????????????????????








receive =ˆ where grd1 : s = r + 1 then act1 : g(r) := d; act2 : r := r + 1 end





inv4 : s = r ) g = 1 :: r   1C f
?? inv4????????send=grd3=GRD????????? inv4???????receive=inv4=INV ?
?? send=inv4=INV ???????????????? (2)???receive=act1=S IM??????????
????????receive=act1=S IM ??????????M2 ???? receive=act1???????M1 ?
??? receive=act1???????????????????????????????? inv5??Jadd2 ?
???????
inv5 : s = r + 1 ) d = f (r)
?? inv5????????receive=act1=S IM ???????inv5?????? send=grd3=GRD???
?????send=grd3=GRD1  send=grd3=GRD2???????????????????? inv5????
?????receive=inv5=INV ??? send=inv5=INV ???????
?? (3)?????? T HM???????M23 ? T HM?????????? (3)??????????
???M2??????? d???????send??? d???????????? send=act2?????
???? receive????????? d?????????????????? d???????????
????????????????????? (4)??????????????? (4)????????
????? INV ??????????? (5)????????????????????????????
??????
? M3???????????
M30 ??????? send??? receive?????????????????????????????
? p??? q????????????
48 ? 6? ????
inv6 : p 2 f0; 1g
inv7 : q 2 f0; 1g
inv8 : p = parity(s)
inv9 : q = parity(r)
inv6??? inv7??p? q????? 0???? 1???????????????inv8??? inv9?
??? parity??s??? r??????????????????? 0???? 1?????? parity??
?????????????????????
axm1 : parity 2 N! f0; 1g
axm2 : parity(0) = 0




???parity(s+1)? 1????????????????????? p??? q????????? send
??? receive?????????????
receive =ˆ where grd1 : p , q then act1 : g(r) := d; act2 : r := r + 1; act3 : q := 1   q end
send =ˆ where grd1 : s , n + 1; grd2 : p = q then act1 : s := s + 1; act2 : d := f (s); act3 : p := 1   p end
????? send??? receive????????receive=inv7=INV?receive=inv9=INV?send=inv6=INV?
send=inv8=INV???receive=grd1=GRD?send=grd1=GRD?send=grd2=GRD???????????
receive=grd1=GRD ??? send=grd2=GRD ?????????receive=grd1=GRD ?????????M3
? receive ????????????????M2 ? receive=grd1 ?????????????????
send=grd2=GRD?????????M3 ? send????????????????M2 ? send=grd2??
?????????????????????? (1)????????????? inv10??? inv11??
Jadd1 ????????
inv10 : p , q ) s = r + 1
inv11 : p = q ) s = r
inv10??? inv11?????????receive=grd1=GRD??? send=grd2=GRD???????????
inv10??? inv11?????????????? receive=inv10=INV?receive=inv11=INV?send=inv10=INV









??GRD?S IM?T HM??? INV ???? 7.1????
? 7.1: ?????
??? ?????
GRD S IM T HM INV ??? ??
M0 0 0 0 8 0 8
M1 1 1 1 9 1 13
M2 1 1 0 6 3 11
M3 3 0 0 14 2 19
?? 5 2 1 37 6 51








?????????????????????????????????????? GRD?S IM?T HM




M0 0/8 0/8 0/8
M1 0/12 14/25 3/11
M2 0/8 0/4 0/4
M3 0/17 0/17 0/17
?? 0/45 14/54 3/40
50 ? 7? ??????????
? 7.2? Case#1??6.3??????????????Case#2??? Case#3???????????






6.2?????????receive=act1=S IM??????? receive=grd1???? inv3??????????
?????? 11???inv3????????? send=inv3=INV ????????inv3?????????




?? 6.2?????????Case#2? M1??????????? receive=grd1=GRD????????
receive=act1=S IM???????????????receive=act1=S IM??? receive=grd1=GRD?????
?????? Case#3???????Case#3????????????????????????? Case#1
?????????Case#1???M1 ?????????????????? send=inv3=INV ?????





































































?? 2 ??????? BA(s; c;w; q;w0)????????????????BA??????? w??
???????????????????????
9x;9yBA(s; c;w; q; x) ^ BA(s; c;w; q; y) ^ x , y
???????????????????????????????????
7.4.2 ?????????????????????????????
??????????????????????????????wnod????????BA2nod(s; c;wnod; q;wnod0 )
???????????????????wnod??????????????????? qadd(q \ qadd = ?)
??????? qadd ???????????? BA2prm ??????




BA2prm ??wnod ?????????? qadd ?????????????????????? BA2prm ?
BA2nod ??????wnod ?????????????????????? BA2nod ???? wnod0 ? qadd ?
7.5. ???????? 53
??????????? Hprm ??????
Hprm(s; c;wnod; q [ qadd) = BA2nod(s; c;wnod; q;wnod0 )[wnod0=qadd]





























































??????????????? GRD??? S IM????????????????????????
????????? (5)?????????????????????????????????????
????????????????????????????????????????????????














???? ea ????? 1??????????????????? ga????????? aa ?????





S IM GRD INV T HM
??????? aa  ea ga  ea ic  ec htc  ec
??? aa ga ic htc
????? aa 0 ic 0
2.1.4????????????????????? S IM?GRD?INV ??? T HM?????????
????????????????????????????????????????????????
???? S IM??????????????????????? aa  ea ????????GRD????
?????????????????? ga  ea?T HM??????????????????? htc  ec
????INV ??????????????????????????????INV ?????????




























???????????????? (1)? 4.1???? (A)??????????????? (2)???
(3)??? (B)????????






?????? (2)??????? (3)??????? (A)??????????????????????





???????????????? (1)??(2)??? (3)??????????????? (A)????





























i(i 2 [1 :: k])??????????? PEi ?????????? CEij( j 2 [1 :: m])???????????
?????????
CEi1 ^ ::: ^CEim ) PEi
???????? i??Event-B???????????????????? 8.2???????????
??????? i?????????? Mi 1??????? Mi ?????? i?????????? PEi


















? 8.2: ?????? Event-B?????????????
?? 3 ???????????????????????? M?????? E??????
 ????? E?????????????????? S ?????????? M??? S ?
?????????????






60 ? 8? ?????????????????
????? Mi 1??????? PEi????????????? Mi 1??????????? Mi??

















? 8.3: ?????? Event-B?????? (1)
????????? CEij???????????? CEij???????? PEi???????????


















? 8.4: ?????? Event-B?????? (2)
???????????????? Mi?????????????????????????????
???????????????????????????????????????????????
??????????????? Mi 1 ?????? Mi ??????????????????????
????????? Mi 1 ??????? PEi ?????????? Mi ??????? CEij ??????




































?? (1) ?????????????????????????? PE1 ????????
?? (2) ????? PE1 ???????????? M0 ??????
?? (3) ???????????????? PEi(i 2 [1 ::k])?????????????? PEi??
?????????????????????????????????CEij( j 2 [1 ::m])




?? (4) ???????? Mi 1 ??????????????????????? Mi ????
????? Mi????? Mi 1??????????????????????????
CEij( j 2 [1 :: m])???????????????? Mi???????????????
???????? (5)??????? Mi ?????????????????????
????? (3)?????????? CEij ??????
?? (5) ????????????????????????????????????????
????????????????????????????? (3)?????????
????????? (3)?????????? i = i + 1???????????????
???????????????????? (6)????
?? (6) ??? Mi ???????????????????????????????????
????????????????????????????? Mi ?????????
?????k = i???????????????????????????? Mi ??
????????????????????????????????? Mi+1 ????
??Mi+1?????????????????????k = i+ 1???????????
??????Mi+1??????????????????????????? Mi+1??
????? (3)??????????????????? i = i + 1??????
????????? (1)????????????????????????????? PE1 ????
????????? (2)??????????????? M0?????????? (3)????? PE1?
????? 1??????????? CE1j ?????????? (3)????????????????
????????????? M1 ??????????? (1)????????????????????
??????? CE1j ????????????? (4)????????????? CE1j ????????
M1?????????????????????????????? Event-B????????????
??? (3)??????????? M1 ??????????? M1 ???? M0 ???????????
?????????? M0???? M1???????????? (2)??????????? M1????
????????????????????????? (1)??? (3)?????? (2)??????? (3)
??? (4)???????????????????????????????5???????????
????????????????????
?? (4)????????????????????? (3)?????????? CE1j ????????
???? (4)???????????????????????????? CE1j ???????????




???? CE1j ??????? PE2 ????????????? CE2j ????????????????








?? (6)?????? Mi ????????????????????????? Mi ????????
?????????k = i????????????????????????????????????
??? Mi+1 ????????? Mi+1 ??????????????????????????????
???????????????????????k = i + 1????????????????????










????? E0??Event-B???? r = n + 1 ) g = f ?????????????????? M0 ??
???? E0??????????????????? inv0??????
inv0 : r = n + 1 ) g = f
???????????????????? receive??inv0???????????????????
receive =ˆ any p_g; p_r where grd1 : p_r = n + 1 ) p_g = f ; grd2 : p_g 2 1 :: n 7! D; grd3 : p_r 2
1 :: n + 1 then act1 : g := p_g; act2 : r := p_r end


































































分岐 2 分岐 3 分岐 4












??? M0 ?????????????????????????? E1?E2???? E3??????
?? M1 ????????????? E1??????????????????? inv1??????
inv1 : s = r ^ r > 1 ) 1 :: r? 1C g = 1 :: s? 1C f
???????? E2???????????? send???? grd1????????????
send=ˆwhere grd1 : s = r; grd2 : s , n + 1 then act1 : s := s + 1 end
????? grd1???????? send? s = r????????????? grd2??s??? s 2 [1::n+1]
?????????????? E3??????????????????? receive?????????
??????????? M1 ????? M0 ????????????????????????
8.5. ??? 65
??? 1?????? (5)?
?????? E1?E2???? E3?????????????? (3)?????
??? 2?????? (3)??? (5)?
????? E1??????????????????? 8.5???????????? E1?????
???????? E4?E5???? E6??????????????????????????????
??????????? M2 ???????????????????????? E2??? E3????
???????????????? (3)?????
?????????????????????????????????? M3 ?? M8 ???????
?????????????????????????????? (6)?????
??? (6)?







M0 6 0 6
M1 8 0 8
M2 14 1 15
M3 10 0 10
M4 4 1 5
M5 5 0 5
M6 6 0 6
M7 0 0 0
M8 4 0 4
?????? 4 0 4
?? 61 2 63
???? 2?????????????????????"??????"?????????????
?????????? 7??????? M6?? M7????????? 7??????? E17?????
? M6??????????M7????????????????????? 8.1???????M7??
????? 0??????????????????????????????????????????













































???????????????????????? ct?????? K ?????????????
??? mt???? K ??????
(ct = K ) (mt = K))
"ct"?"mt"???????????????????????????????????"K"?????
?????????????(ct = K ) (mt = K))????????? LTL?Linear Temporal Logic??
???????????????""???""?????????????????????? p???





?? 1 mt < K ?? K  ct???? :(mt = K)????????????????????????
?????????????????
?? 2 mt < K?? K  ct???? :(mt = K)??????????????????????????
?? 3 mt < K?? K  ct???? :(mt = K)???????????????????? mt < K?
? K  ct????? mt = K ??????
?? 4 ct = K ?? :(mt = K)????????mt < K ?? K  ct??????
((ct = K ^ :(mt = K)) ) (mt < K ^ K  ct))
?? 1???????????????????????????????????????? V ??
?????????????????????? V ????????????????????????
???? V ?????? V 0 ??????????? 1?? ((mt < K ^ K  ct) ^ :(mt = K)) ) V 0  V??
??????????????????????????????Event-B???? 1???????
68 ? 8? ?????????????????
???? 2?????????????????????????????????????????
???????????????????????????????????????????????
????????????????????????? 2? Event-B???????????? 1??? 2
???????? 5??????
?? 5?????????????????mt < K?? K  ct?????????????? mt = K
???????????
(:(mt < K ^ K  ct) _ mt = K)
????????????? [7]??????????????????????????????????
??????????????????????(mt < K^K  ct)^:(mt = K)???????????????
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?????????????????????? 1??? 2????????:((mt < K^K  ct)^:(mt = K))?
?? :(mt < K ^ K  ct) _ mt = K ???????????????????????? 5???????
???? 3??? 5???????? 6???????
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((mt < K ^ K  ct) ) ((mt < K ^ K  ct) U mt = K))
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??????? p ???????????????????????? (mt < K ^ K  ct) ^ :(mt = K)
????????????(mt < K ^ K  ct) ^ :(mt = K)?????????? 3??????????
????? (mt < K ^ K  ct) _ mt = K ?????????? 5??????????????????
:(mt < K ^ K  ct) _ mt = K ???????????????????(mt < K ^ K  ct) ^ :(mt = K)
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8.7. ?????????????? 69
ct = K ^ :(mt = K) ????????? mt = K ???????????ct = K ^ :(mt = K) ????
ct = K ) (mt = K)???????????????????
???????????? 1?4????????????????????????????????
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